METHOD AND DEVICE FOR CONTROLLING FUEL INJECTION QUANTITY OF
INTERNAL COMBUSTION ENGINE

Field of the Ilnvention

The present invention relates to a method and a device for controlling a fuel
injection quantity of an internal combustion engine equipped with an auxiliary brake,
and more specifically, technology for improving the exhaust property when the
auxiliary brake is released.

Description of the Related Art

Brake units used for decelerating and stopping a vehicle can be classified into
a main brake for braking a rotary body equipped to wheels and auxiliary brakes
other than the main brake. Examples of the auxiliary brake include an exhaust
brake for closing a shutter equipped to an exhaust passage to brake the rotary
body by means of an exhaust resistance, or an engine brake for discharging
compressed air inside a cylinder near the termination of compression stroke to
brake the rotary body by means of the throttle loss (Japanese Unexamined Utility
Model Publication No. 7-22048)

However, since the operation of the auxiliary brake is accompanied with a
time delay, it is likely to cause following problems when releasing the auxiliary
brake. That is, when the auxiliary brake is released, a fuel injection quantity is '
increased from the injection quantity during the operation of auxiliary brake to the
injection quantity corresponding to the accelerator opening. Since the increase of
fuel injection quantity is performed with good response, fuel tends .to be supplied
excessively until the release of the auxiliary brake is completed, causing incomplete
combustion of the air-fuel mixture to deteriorate the exhaust property.

Therefore, in order to solve the above-mentioned conventional problems the
present invention aims at providing a fuel injection quantity control device of an
internal combustion engine having improved exhaust property while maintaining
good response during release of the auxiliary brake.

Summary of the Invention



In order to achieve the above object, the present invention is constituted such
that a judgment is made as to whether an auxiliary brake is operating or not, and
when the auxiliary brake is switched from a non-operating state to an operating
state, a fuel injection quantity is switched to correspond to an erigine operating
state while being gradually increased. '

More specifically, the constitution of the present invention is such that a basic
fuel injection quantity is compuied based on the engine operating state, a maximum
fuel injection quantity limiting the upper limit of the computed basic fuel injection
quantity is computed as a first maximum fuel injection quantity which is the
minimum value during the auxiliary brake is operating, and as a second maximum
fuel injectidn quantity that is gradually increased corresponding to the elapsed time
from when the auxiliary brake has been released during the auxiliary brake is not
operating, and the smaller value between the computed basic fuel injection quantity
and the maximum fuel injection quantity is selected as the fuel injection quantity to
control a fuel injection device.

According to this constitution, if the auxiliary brake is operating, a first fuel
injection quantity is computed as the maximum fuel injection quantity during the
operation of auxiliary brake. On the other hand, when the auxiliary brake is not
operating, a second fuel injection quantity that is gradually increased corresponding
to the elapsed time from when the auxiliary brake is released is computed as the
maximum fuel injection quantity. Then, between the computed maximum fuel
injection quantity and the basic fuel injection quantity computed based on the
~ engine operating state, the smaller value is selected as a fuel injection quantity, and
the fuel injection device is controlled based on the selected fuel injection quantity.

Therefore, if the first fuel injection quantity is set for example to a minimum
value (normally “0"), the fuel consumption during the operation of auxiliary brake
can be restrained. On the other hand, during the auxiliary brake is not operating,
since the maximum fuel injection quantity limiting the maximum value of the basic
fuel injection quantity is gradually increased corresponding to the elapsed time from
when the auxiliary brake has been released, the increase rate is appropriately set
so as to enable to avoid excessive fuel supply state that may occur when the
auxiliary brake is released. Moreover, the fuel can be injected to the engine even
during the acceleration state immediately after release of the auxiliary brake.
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In this way, the fuel consumption during the operation of auxiliary brake can
be reduced. Further, the exhaust property while maintaining good response can
be improved during release of the auxiliary brake.

The constitution may be such that the second fuel injection quantity is
increased stepwise corresponding to the elapsed time from when the auxiliary
brake has been released.

| According to this constitution, when the second fuel injection quantity is
computed using a map or a table, memories used for the map and the like can be
reduced since the components of the map and the like are reduced.

Further, the constitution may be such that, as the maximum fuel injection
quantity, the second fuel injection quantity may be computed by referring to a map
in which the fuel injection quantity is set correspohding to the elapsed time from
when the auxiliary brake has been released.

According to this constitution, the second fuel injection quantity is computed
by referring to the map, to thereby prevent an increase of processing load
- accompanied by the computation. -

Moreover, when a plurality of auxiliary brakes are equipped to the engine, the
constitution may be such that, if at least one of the auxiliary brakes is operating, it is

judged that the auxiliary brake Is operating to compute the maximum fuel injection
quantity. . :

According to this constitution; even when various auxiliary brakes, such as the
exhaust brake, the engine brake and the like, are equipped to the engine, the
maximum fuel injection quantity during the operation of auxiliary brake is computed
if at least one of the auxiliary brakes is operating, thereby capable of reducing the
fuel consumption even further.

Brief Description of the Drawings

FIG. 1 is a block diagram showing the structure of the present invention;



FIG. 2 shows the whole structure of a diesel ehgine to which the fuel injection
quantity control device according o the present invention is applied;

FIG. 3 is a flowchart showing the control of the fuel injection quantity;

FIG. 4 is a flowchart showing the subroutine used to compute the maximum
fuel injection quantity; | '

FIG. 5 is an explanatory view showing a map used for computing the
maximum fuel injection quantity of when the auxiliary brake is released; |

FIG. 6 is a time chart showing the various operations related to the fuel
injection quantity control; and - '

" FIG. 7 is an explanatory view showing the effect of the fuel injection quantity

control.

Detailed Description of the Pi'gferred Embodiment

The present invention will now be explained with reference to the
accompanied drawings.

The present invention comprises respective means shown in FIG. 1.

A basic fuel injsction quantity compufing means A computes a basic fuel
injection quantity based on an operating state of engine.

A maximum fuel injection quantity computing means B computes a maximum
fuel injection quantity limiting the upper limit value-of the basic fuel injection quantity,
as a first maximum fuel injection quantity which is the minimum value during
operation of an auxiliary brake if the auxiliary brake is operating, and as a second
maximum fuel injection quantity that is gradually increased corresponding to the

elapsed time from when the auxiliary brake has been released if the auxiliary brake
is not operating.

A fuel injection quantity selecting means C selects, as a fuel injection quantity,
the smaller value between the computed basic fuel injection quantity and the
maximum fuel injection quantity.

~ A fuel injection control means E controls a fuel injection device D based on
the selected fuel injection quantity. '



FIG. 2 shows the whole structure of a diesel engine equipped with an exhaust
brake and an engine brake, to which is applied the fuel injection quantity control
device of an internal combustion engine according to the present invention
(hereinafter referred to as “fuel injection quantity control device”).

An exhaust passage 2 of the diesel engine 1 is equipped with a shutter 3
constituting an exhaust brake. The shutter 3 is driven to rotate by an air actuator 5
controlled via an electromagnetic valve 4, and performs a function as an exhaust
brake by shutting the exhaust passage 2. Moreover, an exhaust valve 6 of the
diesel engine 1 is disposed with an engine brake 7 that opens the exhaust valve 6
for a predetermined open degree near the termination of compression stroke,
discharges compressed air inside a combustion chamber 1a to perform the brak'ihg
by the throttle loss. Further, a fuel injection device 8 is disposed to a cylinder head
1b to face the combustion chamber 1a. The electromagnetic valve 4, the engine

brake 7 and the fuel injection device 8 are controlled by a control unit 9
incorporating a microcomputer. '

The fuel injection quantity control device is further equipped with an opening
sensor 10 for detecting an accelerator opening ¢ as an engine operating state,
~and a rotation speed sensor 11 for detecting an engine rotation speed Ne.
Outputs from the opening sensor 10 and the rotation speed sensor 11 are
respectively input to the control unit 9, to control an operation of auxiliary brake and
- Yo control a fuel injection quantity. Instead of the engine operating state detected

by the opening sensor 10, the position of a control lever of an electronic goverhor
(not shown) can be made the engine operating state.

Next, the fuel injection quantity control performed by the fuel injection quantity
control device having the above-explained constitution will be explained with
reference to the flowchart of FIG. 3.

In step 1 (hereinafter referred to as “S1”, same for other steps), a basic fuel
injection quantity Tp according to the engine operating state is computed. In other
words, based on the accelerator opening 6 detected by the opening sensor 10 and
the engine rotation speed Ne detected by the rotation speed sensor 11, the basic
fuel injection quantity Tp is computed with reference to a map and the like not



shown. The process of step 1 corresponds to the basic fuel injection quantity
computing means.

In step 2, based on the operating state of the auxiliary brake, a subroutine is
called in order to compute the maximum fuel injection quantity Tpmax limiting the
maximum value of the basic fuel injection quantity Tp. The computation of the
maximum fuel injection quantity Tpmax corresponds to the maximum fuel injection
quantity computing means. '

in step 3, it is determined whether or not the basic fuel injection quantity Tp is
greater than the maximum fuel injection quantity Tpmax. When the basic fuel
injection quantity Tp is greater than the maximum fue! injection quantity Tpmax, the
routine is advanced to step 4 (Yes), where the maximum fuel injection quantity
Tpmax is_set as a fuel injection quantity Te (Te = Tpmax). On the other hand,
when the basic fuel injection quantity Tp is equal to or smaller than the maximum
fuel injection quantity Tpmax, the routine is advanced to step 5 (No), where the
basic fuel injection quantity Tp is set as the fuel injection quantity Te (Te = Tp). In
other words, the smaller value between the basic fuel injection quantity Tp and the
maximum fuel injection quantity Tpmax is selected as the fuel injection quantity Te.
The process of steps 3 through 5 corresponds to the fuel injection quantity selecting
means.

In step 6, the fuel injection device 8 is controlled based on the fuel injection
quantity Te selected as above, to inject a predetermined amount of fuel spray to the

combustion chamber 1a. The process of step 6 corresponds to the fuel injection
control means.

FIG. 4 is a flowchart showing the cdmputing process of the maximum fuel
injection quantity Tpmax in step 2.

In step 11, determination is made on whether or not the auxiliary brake is
operating. The determination on whether or not the auxiliary brake is operating
can be made for example by judging whether or not the accelerator opening 6
detected by the opening sensor 10 is “0%, in other words, whether or not the
operating condition of the auxiliary brake is fulfiled. Then, when the auxiliary
brake is operating, the routine is advanced to step 12 (Yes), while when the
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auxiliéry brake is not operating, the routine is advanced to step 13 (No).

In step 12, the fuel injection quantity (first maximum fuel injection quantity)
during the operation of auxiliary brake is computed as the maximum fuel injection
quantity Tpmax. At this time, the fuel injection quantity during the operation of
auxiliary brake is at 2 minimum value, which is normally set to a fixed value “0”.

In step 13, the fuel injection quantity (second maximum fuel injection quantity)
corresponding to the elapsed time from when the auxiliary brake has been released
is computed as the maximum fuel injection quantity Tpmax. At this time, the fuel
injection quantity is computed by referring to a map in which the fuel injection
quantity is set in refation o the elapsed time as shown in FIG. 5. The map is set

. so that the fuel injection quantity is gradually increased stepwise correspondfng to
the elapsed time. '

According to the fuel injection quantity control device explained above, the
fuel injection quantity control as shown in FIG. 6 is performed. That is, when the
accelerator opening 6 becomes *0?, the operating condition of the auxiliary brake
is fulfilled, and the auxiliary brake signal turns from OFF to ON. Then, the exhaust
brake and the engine brake start to operate, and the fuel injection quantity is
switched to a value of during the operation of the auxiliary brake. At this time,
since there exists a time delay in the operations of the exhaust brake and the
engine brake, these brakes provide their maximum brake power with some time
delay after the accelerator opening 6 turns “0”.

If the accelerator pedal is operated to accelerate the vehicle speed and the
accelerator opening 0 reaches a predetermined opening 6 (for example, 5%)
under such a state, since the operating condition of the auxiliary brake would no
longer be fulfilled, the auxiliary brake signal is turned from ON to OFF. Then, the
exhaust brake and the engine brake are released, but since there exists a time
delay in the operations thereof, the auxiliary brake is released with some time delay.
At this time, the basic fuel injection quantity Tp corresponding to the engine
operating state is increased at once, but the maximum fuel injection quantity Tpmax
is gradually increased stepwise corresponding to the elapsed time from when the
auxiliary brake signal has been turned OFF. Then, the smaller value between the
basic fuel injection quantity Tp and the maximum fuel injection guantity Tpmax is



selected as the fuel injection quantity Te, to control the fuel injection device 8 based
on the fuel injection quantity Te. '

As shown in FIG. 7, since the upper value of the basic fuel injection quantity
Tp is limited by the maximum fuel injection quantity Tpmax, excessive fuel supply
can be prevented immediately after releasing the auxiliary brake, and the exhaust
property is improved (refer to region A). Moreover, fuel can be injected
immediately after releasing the auxiliary brake,'enabling to secure good response
after releasing the auxiliary brake (refer to region B).

The maximum fuel injection quantity Tpmax when releasing the auxiliary
brake can also be computed using a map in which the fuel injection quantity is
increases gradually and smoothly, instead of using the map shown in FIG. 5.
Further, when using the map shown in FIG. 5, an interpolation operation is
performed so that the fuel injection quantity can be increased gradually and
'smoothly. Moreover, the maximum fuel injection quantity Tpmax can be computed
only for a predetermined time after the release of the auxiliary brake, and after that,
can be fixed to a fixed value. '

The above explained embodiment refers to the case where the preset
invention is applied to a diesel engine, but it is also possible to apply the present
fuel injection quantity control device to a gasoline engine.

[Industrial Applicability]

‘As explained, the present invention can be applied to a diesel engine or a

gasoline engire mounted on a vehicle, and contributes to improving the technology
in the automobile industry.
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We claim:

1. A fuel mjec‘non quantlty control device of an internal combustion engme
comprising: '

| a mechanism for judging whether or not an auxiliary brake is operating;
and .

a mechanism for controlling the fuel injection quantity to be switched to
correspond o the operating state of said engine while being gradually increased
when said auxiliary brake is switched from a non-operating state to an operating
state. '

2. A fuel injection quantity control device of an internal combustion engine
'comprlsmg .
basic fuel injection quantity oomputmg means for computlng a basic fuel
injection quantity based on the operating state of an engine;
 maximum fuel injection quantity computing means for computing a

maximum fuel injection quantity limiting the upper limit of said computed basic fuei
injection quantity, as a first maximum fuel injection quantity which is the minimum
value when an auxiliary brake is operating, and as a second maximum fuel injection
quantity that is gradually increased corresponding to the elapsed time from when
said auxiliary brake has been released when said auxiliary brake is not operating;

fuel injection quantity selecting means for selecting, as a fuel injection
quantity, the smaller value between said computed basic fuel injection quantity and
said maximum fuel injection quantity; and :

fuel injection control means for controlling a fuel injection device based on
the selected fuel injection quantity.

3. The fuel injection quantity control device of an internal combustion engine
according to claim 2, wherein said second fuel injection quantity is increased

stepwise corresponding to the elapsed time from when said auxiliary brake has
been released.

4, The fuel injection quantity control device of an internal combustion engine
according to claim 2 or claim 3, wherein said maximum fuel injection quantity
computing means computes said second fuel injection quantity by referring to a
map in which a fuel injection quantity is set corresponding to the elapsed time from
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when said auxiliary brake has been released.

5. - The fuel injection quantity control device of an internal combustion engine
according to any of claims 2 through 4, wherein when a plurality of auxiliary brakes
are equipped to said engine, said maximum fuel injection quantity computing
means judges that the auxiliary brake is operating to compute the maximum fuel
injection quéntity when at least one of said auxiliary brakes is operating.

- 8. A method for controlling a fuel injection quantity of an internal combustion
engine, wherein a fuel injection quantity is switched to correspond to the operating
condition of said engine while being gradually increased, when an auxiliary brake is
switched from a non-operating state to an operating state.

7. . A method for controling the fuel injection quantity of an internal
combustion engine comprising the steps of: :

computing a basic fuel injection quantity based on the operating state of
said engine; :

- computing a maximum fuel m]ectlon quantity limiting the upper hmxt of said
basic fuel injection quantity as a first maximum fuel injection quantity when an
auxiliary brake is operating, and as a second maximum fuel injection quantity that is
gradually increased corresponding to the elapsed time from when said auxiliary
brake has been released when said auxiliary brake is not operating;

selecting, as a fuel injection quantity, the smaller value between said
computed basic fuel injection quantity and said maximum fuel injection quantity;
and '

controlling a fuel injection device based on the selected fuel injection
guantity.
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